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(54) OPTICAL SYSTEM FOR ALIGNMENT 
(57)Abstract: 

PURPOSE: To provide an optical system for alignment in 
which the accuracy and safety of alignment, is prevented 
from lowering due to the heat generated from a laser 
light source. 

CONSTITUTION: A laser light source 1 is disposed while 
being separated spatially from optical components 15. 
24, 25... disposed in a chamber 32. The laser light source 
1 1 is connected with the optical components 15. 24, 25 
through a single mode optical fiber 41. 
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* NOTICES * 



JPO and NCIPI are noL responsible for any 
damages caused by thns uoc of this Irons I at fan. 

1. This document has been translated by computer. So tho translation may not. reflect the ori e inal 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] " " 

[Claim 1] Optical equipment for alignment characterized by having the optic system whi.-h 
consists of a laser light source and two or more optics, and said laser light source and said optic 
system dissociating spatially, and It being arranged in the optical equipment fur alignment with 
which alignment between the bodies using optical phenomena is presented, and coming to 
connect the above-mentioned laser light source and the above-mentioned optic system by the 
optical fiber. 

[Claim 2] Said optical fiber is optical equipment for alignment according to claim 1 characterised 
by being- the thing of a single mode. 

[Claim 3] Said optic system is optical equipment for alignment according to claim T characterised 
oy constituting- the ph.se measurement system of an optical heterodyne interference optical 
system. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Industrial Application] This invention relates to the optical equipment for alignment with which 

alignment between the bodies using- optical phenomena is presented. 

[0002] 

[Description of the Prior Art] As everyone knows, recently, the attempt which forms the circuit 
pattern of a VLSI by actual size exposure using an X— ray aligner has accomplished, In order to 
perform a pattern imprint using such equipment, it is necessary to align a mask and a wafer with 
high precision in advance of exposure. Tn this case, 0.2 It is necessary to realise superposition 
precision of about **0.O5 micrometers to form the detailed pattern of mum. 

[0003] As equipment which aligns the mask by which opposite arrangement was carried out. and 
a wafer with high precision in the field which intersects perpendicularly with the opposite 
direction, it is Japanese Patent Application No. No. 329731 [ G3 to ], and Japanese Patent 
Application No. The alignment equipment of an optical heterodyne interference type using a 
diffraction grating is considered as shown in No. 2583G [ two to ] etc. 

[0004] The important section of the typical alignment equipment of an optical heterodyne 
interference type is typically shown in dr awin g 3 . With this alignment equipment, while forming a 
diffraction grating 1 in the mask which is not illustrated, a diffraction grating 2 is formed in the 
wafer which Is not illustrated in the relation which counters this diffraction grating 1. 
[0005] Now, suppose that X shaft orientations on the rectangular coordinates shown in drawing- 
are the alignment directions. A diffraction grating 1 consists of I st grid 3a and 2nd grid 3b which 
have been arranged at Y shaft orientations. Similarly, it consists of 1st grid 4a and 2nd grid 4b by 
which the diffraction grating" 2 has also been arranged at Y shaft orientations. That is, with this 
alignment equipment. 1st grid 3a of a diffraction grating: 1 and 1st grid 4a of a diffraction grating 
2 are made into a pair, and 2nd grid 3b of a diffraction grating 1 and 2nd grid 4b of a diffraction 
grating 2 are made into the pair. 

[0006] 1 st grid 3a which constitutes the diffraction grating 1 is Px to X shaft orientations about 
a checkered, pattern. It is what was prepared in the pitch and 2nd grid 3b is constituted by the 
window of transparence. Moreover, 1st grid 4a which constitutes the diffraction grating 2 is 
formed rn the reflector using- the front face of a wafer as it is, and 2nd prid 4b is Px in X shaft 
orientations about a checkered pattern. It is what was prepared in the pitch. 

[0007] It is a frequency f 1 which is specifically different from the primary [ **] direction of the 
direction pitch of X of a grid in bilateral symmetry bordering on the field which intersects 
perpendicularly with the alignment direction, and f2 towards the top face of 1st grid 3a which 
constitutes the diffraction grating 1 from this alignment equipment, and 2nd grid 3b. Two laser 
beams 5 and 6 are irradiated. These laser beams 5 and 6 are a frequency f 1 which is different by 
two sets of anoustooptics modulation elements after the half mirror etc. divided into two the 
beam emitted from the laser tight source so that it might mention later, and f2. It is become 
irregular and obtained. 

[0008] Thus, diffraction interference light IM by which reflection diffraction was carried out by 
1st grid 3a of a diffraction grating- 1 when laser beams 5 and 6 were irradiated Two dimensions 



are distributed and ,t is injected from 1st grid 3a. The interference diffracted light IW which 
penetrated 2nd grid 3b to coincidence, carried out reflection diffraction, interfered by 2nd arid 4b 
of a diffraction grating 2. and penetrated 2nd grid 3b again Two dimensions are distributed end it 
is injected. 

[0009J Then, the interference diffracted light IM To zero-order and Y shaft oriental-ions the 
primary light is detected in the light, for example, alignment direction, of a specific degree of 
L inner I, and the 1st beat signal containing phase shift phiM corresponding to « location gao of a 
mask frequency deltaf=|f I -f2 I Becoming is acquired in it. On the other hand, it is the 
interference diffracted light tW. Phase shift phiW corresponding to [ in the light, for exampU 

V fhl^r , f °. t '° r1, 3 * Pe f nC deg, ' 9e ° f / inner detect the Penary light to zero-order and 
« . r l« w^b 0 "'' ] 3 location of a wafer The 2nd included beat signal frequency 
deltaf=|f 1 -fZ | Becoming is acquired. 

[0010] With this alignment equipment, the phase contrast of the 1st beat signal and the 2nd beat 
signal, ,.e IXM-XW |, ,s calculated, end it calculates and asks for the location «ap with a mask 
and a wafer. And it is made to align by controlling the actuator for a wafer table drive based on 
this value. 

i;0011j With such alignment equipment, it is a frequency fl and f2. The network which detects 
the network and the interference diffracted lights IM and IW which laser beams 5 and C ar<= 
obtained and are irradiated on said conditions towards the top face of a diffraction grating') and 
is changed into an electrical signal is required. 8 
L O s 0 Jr 2 Lr < . ,OSe notW ";" ks are constituted as shown in drawing^ . Thau Is. I I in drawing shows the 
laser light source. The strong laser beom of the coherence which came out of this laser light 

f°l" e \ '" d " to th f 1st ° ptical rjath ar,d 2 " d °Ptf«' Path by the beam splitter 12. part 

r,nl -- ^**IL U * S l ~~ a / ousta °Ptic S modulation elements 13 and 14 — respectively — 

relational W "7k 3 t5? U "?.° y f ' a " d fZ ** Whi ° h beoomes irregular and in-adiates these at said 
return tOWarC,S the dlffrac(TOn gating 1 prepared in the mask 16 through the mirror 15 by 

C0013J A frequency fl and f2 In the direction which intersects perpendicularly in the alignment 

of a tV^"™:? dirBCti T ^ 2S, "°- ° rder am0 " S tbe diffracted lights produced by the 
exposure of a l.ght boam, they are the primary diffracted lights IM (0 1) and IW (0 I) Light is 

with a mask 1 7^7 " 7* f« * d « t "*'™ **o »»«* .»«n.l- are aopuir-d Sgnm.nt 

informaTion InVdH , 3 o7 u '* ^ b V making these two beat signals into positional 

root 41 Bvt'hr " I 0 "' 2 t Sh ° W I m ' rror among drawiMg 4 and 25 shows the lens, 
drawl* S if T- V ' £ a " 7^, al ' ene ''' * Uch a ^^nt equipment is usually formed, as shown in 
fhiSA'7 hG T aSk 16 W3S m3de to co "nter. the beryllium wall 3 1 was established th" 

condor w=M wa e B /° f th «" ^"ium wall 31 and a mask IS might constitute a part of' 

7 was formed, and the optic system of the laser light source 1 I and the 
acoustoopt.es modulation elements 13 and 14 which were shown in drawing 4 or oLcb mirror 
beryl^m H " ^ ^ "° ^ S *" ^enuatioT^f^ X- ay b" wTen the 

£e 1 n 5 nt!'^r eVer - ^ ^ s in „ the alignment equipment constituted as mentioned above especially 
£nt rouro/™ S^' -"« nm -. nt W ^ ich COnsis * s ° f optic system which combined ta.er * 
E0O1 B^Th.* f. t, !u m .° re OP, " J ' 3S ' the '" 9 Wera the ^'lowing problems. 

BCnLratrrheat^hT^ ^"J** 3 ! " o„il..«on condition, the tub,„ s 33 

whTohV^K ' T gro at e r part of this heat is carried out of a chamber 32 with the refrigerant 

W^TZ*^"??* 0 " °/ refHsB '" ant P* th 34 through piping 3 5. However, all of the 

SttT^r Jl . .° Brr 'T. d . OUt ° Ut ° f 3 chambel - 32 - F °-" this reason, consistency change 
a r, sas to the a,r around a laser light source 1 1 . and a free convection happens into a chamber 



32. Thus, (f a free convection arises, the spatial density distribution of the air of the optic 
circumference arranged in the chamber 32 will change in time, the rate distribution of optical 
refraction will change in time as this result, this will result, and the optical path length L of light 
will be changed. With the alignment equipment of an optical heterodyne interference type, if the 
phase of light has important semantics and sets wavelength of light to lambda, since a phase will 
be influenced by (2 Pi-L/lambda), when the optical path length L. is changed, a phase will also be 
changed. In addition, it is difficult to cool the laser tubing 33 to uniform temperature through th© 
refrigerant path 34, and fluctuation of an optical-axis location also tskrac place an this result. As 
these resulted and it was shown in drawing.8. , there was a problem from which an alignment 
signal is not forever stabilized and the alignment accuracy desired is not acquired. 
[0017] 

[Problern(s) to be Solved by the Invention] [f it was in the conventional optical equipment for 
alignment like there was a problem which causes fluctuation of an alignment signal 

structurally. Then, this invention aims at offering the optical equipment for alignment which can 
cancel the fault mentioned above. 
[00 I a] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, with the 
optical equipment for alignment canc.&rn\ng this invention, the laser light source and the optic 
system dissociated spatially, and it has been arranged, and the above— mentioned laser light 
source and the above-mentioned optic system were connected by the optica! fiber. In addition, 
when including in the alignment equipment of ari optical heterodyne Interference type, the thing 
of a single mode is used as an optical fiber, 
[G0 19] 

[Function] Since a laser light source and en optic system dissociate spatially arid are arranged, 
the heat generated in the laser light source does not affect the arranging space of an optic 
system. Therefore, the phase of light can be stabilized so that the optical path length of fin optic 
system cannot be changed, moreover, since laser tubing* of a laser light source can be cooled to 
homogeneity in atmospheric air, fluctuation of an optical— axis location can also be prevented, and 
the detection precisian and stability of alignment can be boiled markedly and can be raised. 
[0020] 

[Example] Heraaftcr, an example is explained, referring to a drawing, The mimetic diagram which 
built the optical equipment for alignment concerning one example of this invention into the 
alignment equipment in an X— ray aligner is shown in dra wing 1 . . 

[0021] This alignment equipment is the tiling- of an optical heterodyne interference type, and the 
principle is the same as what was shown in draw ing 3 and draw ing 4 . Therefore, the same sign 
has shown the same pare as drawing 5 . 

[G022] A different point from the conventional tiling this alignment equipment is indicated to be 
to d rawing 5 is to have made it lead the laser beam which has arranged the laser light source 1 1 
and cam© out of this laser ligrht source 1 1 into the atmospheric air besides a chamber 32 to the 
optic system arranged in the chamber 32 through the optical fiber 41 of a single mode. 
[Q023J That is, the I aser tubing 33 of a laser light source 1 1 is arrcm{£&d in atmospheric air 
possible [ natural air cooling]. And incidence of the laser beam emitted from the laser tubing 33 
is carried out to the end side of an optical fiber 41 through a lens 42. The other end side of an 
optica/ fiber 41 penetrates the container wall of a chamber 32 airtightly. and is located in a 
chamber 32. And the lens 43 is farmed in the relation which counters the mirror 24 located in 
the optical incidence edge of the optic system arranged in a chamber 32 at the point. That is, 
incidence is carried out to the optic system by which the laser beam emitted from the laser 
tubing 33 is arranged in order in the chamber 32 through the lens 42. the optical fiber 41. and the 
lens 43. In addition, the inside of a chamber 32 is maintained at the vacuum ambient atmosphere 

Or- the gas do Us 1 helium ambient atmosphere s ( go in this example. 

[0024] Thus, since it dissociated spatially and the laser light source I 1 and the optic system are 
arranged, th« heat generated in the laser light source 1 1 does not affect the arranging space of 
an optic system. Therefore, the phaee of light can be stabilized so that the optical path length of 
an optic system cannot be changed. Moreover, since the laser tubing 33 of a laser light source 



1 1 can be cooled to homogeneity in atmospheric air. fluctuation oF n „ ootlcal-axis location can 
^ detect.cn precision and stability of alignment can bo raised. 

LU025J According to the experiment, as shown in drawing 2 . it was checked that fluctuation doe. 

not arise to an alignment signal. In addition, this invention is not limited to th-=. »xamp|p 

mentioned above. That is. although the example mentioned above is an example which applied 
th.s invention to the optical equipment for alignment built into the alignment equipment »f an X- 
ray ahgner. of course. ,t , s applicable al*o to th« optical equipment for .,li K nm e r,t built into the 
alignment equipment of an optical alienor " 
COOZ6] 

[Effect of the Invention] As explained above, according to this invention, the fall of the. alignment 
ai'eTano^ " ^ S ° U ' Ce ^nerated. and the fall of S S 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawing's] 

CDr awin g_tJ The mimetic diagram showing the example which built the optical equipment for 
alignment concerning one example of this invention into the alignment equipment of an X-ray 
aligner 

CDrawjngJg.l The property Fig. showing the experimental result of nomotopic doubling equipment 
,[Drawing_3] Th*s mimetic diagram of the important section in opticaf heterodyne interference 
type alignment equipment 

ED rawin ^-4] The schematic diagram showing the configuration of 7 the optical system in homotopi o 
doubling equipment 

ID rawin g 5] The mimetic diagram showing, the conventional example ■ which built homotapic 
doubling equipment into tho X— ray aligner 

[Drawin g 5J The property Fig. showing- the experimental result of the alignment equipment of 
CD ascription of Notations] 

1 Two Diffraction grating 3a. 4a The 1st grid 

3b. 4b The 2nd grid 5 Six — ■ Laser beam 

1 f — Laser light source 12 — Half mirror 

13 14 Acoustoaptics modulation element 15 Clinoh mirror 

16 Mask 18 — Wafer 

22 23 Sensor 24 Mirror 

25 Lens 31 — Beryllium wall 

32 Chamber 33 La.^er tubing 

36 X-rny guidance way 37 X— ray 

41 — Optical fiber 42 43 — Lens 



CT ranslaticn done.] 



* NOTICES * 



JI'U and NUfPI ar R not responsible for any 
damagos c«uoed by the uee of t.hi« translation. 

prrc!sei° COment h " tr ^^ d b V compute,. So the translation may 

2 **** shows the word which can not be translated 
th9 draw, ngs. any words are not translated. 



not reflect the original 
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